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It  has been generally observed (1-5) t h a t  vinylidene type addi t ion 
polymers, i .e,, 1 , l -disubst i tuted polymers undergo predominantely chain 
sc i s s ion  on exposure t o  high energy ionizing radiat ion.  
t h i s  behnvior t o  t h e  heats  of polymerization of s eve ra l  addi t ion polymers 
and has found t h a t  i n  a l l  cases where the heat  of polymerization i s  less than 
about 16 kilocalories/mol , main chain sciss ion resulted from exposure t o  high 
energy ionizing radiat ion;  a low heat of polymerization is  associated w i t h  
high r e s idua l  s t e r i c  s t r a i n  along the  chain. 
Wall2 has r e l a t e d  
This p r inc ip l e  has been found t o  apply even i n  those cases where one of 
t h e  subs t i t uen t s  contains a highly effect ive g ro tec t ive  group such as an 
aromatic r ing,  e.g., i n  poly(a-methyl styrene ) and polyphenyl methacrylate. 
Miller, Lawton, and Balwit3 have concluded t h a t  an a-hydrogen atom i s  neces- 
sary f o r  cross-linking s ince the r ad ica l  formed, -(- CH2 - 6 An, would be 
s t a b i l i z e d  by resonance wi th  the R group, whereas the vinylidene group would 
not form such a radical .  Up t o  now there  have been reported no exceptions 
t o  the rule t h a t  vinylidene type polymers undergo chain sc i s s ion ,  
R 
i s  If t h i s  behavior is  largely due t o  sterically-induced main chain s t r a i n ,  
then the re  should be very few vinylidene polymers which have both subst i -  
t uen t s  s u f f i c i e n t l y  small t o  eliminate the main chain s t r a i n ,  Calculations 
f o r  v iny l  type polymers show t h a t  the unstrained polymer can e x i s t  as a 
coplanar zig-zag chain only when the substi tuent is t he  s i z e  of t h e  OII group 
o r  smal1er;chaine with pendant groups larger  than OH, e .gI ,  CH3, would be 
required t o  c o i l  i n  order t o  reduce t b e  in t e rac t ion  of  subst i tuents .  
f l uo r ine  has a covalent radius of .64A, it meets these requirements, and 
hence one might expect t h a t  polyvinylidene f luoride would have s t e r i c  s t r a i n  
reduced t o  such a l e v e l  88 t o  contribute l i t t l e  t o  radiation-induced main 
chain rupture.  
41.2 k i l o c a l ~ r i e s / m o l ~ ~ ,  which is considerably l a r g e r  than many polymers 
known t o  cross-link.2 A s e r i e s  o f  experiments was conducted with the object 
of  determining t h e  e f f e c t  of high energy ionizing r ad ia t ion  on polyvlnylidene 
f luoride.  
Since 
Furthermore, t h e  heat of polymerization of polyvinylidene f luoride i s  
EXPERIMENTAL 
Ten-gram t e n s i l e  specimens cut  from 1 - m i l  polyvinylidene f luo r ide  film 
(Pennaalt Chemicals orp 
days at  50°C and i d  To;:. After degassir4 the %&ea vere senled at 10- 6 
Torr and i r r a d i a t e d  i n  a Cobalt-60 Gammacell-220 i r r a d i a t i o n  f a c i l i t y .  
dose rate was 1.5 Mrad/hr. and t h e  temperature of i r r a d i a t i o n  was 47OC. 
were placed i n  Pyrex tubes and degassed f o r  3 
The 
Following i r r a d i a t i o n  the sealed samples were annealed at  85Oc f o r  16 
hours. 
dimethyl acetamide at 25OC wing Ubbelohde viscosimeters. 
I n t r i n s i c  v i scos i ty  measuremetnts were made on .3 t o  lo% solut ions i n  
Gel determinations 
1 
were made by extracting, t he  irradiated polymer f o r  16 hours a t  90°C. 
Following extract ion,  a l iquot  portions of t h e  so lu t ion  were vacuum dr i ed  a t  
8ooc t o  constant weight, and the percent g e l  was determined from t h e  weight 
of t h e  residue. 
I n  t h e  i n t e r e s t  of s a fe ty ,  it should be noted tha t  exposure t o  poly- 
vinylidene f luoride and other  fluorocarbon polymers t o  high doses of radia- 
t i o n  produces high pressures (10 t o  100 atmospheres) , because of the gen- 
e ra t ion  of HF, among other  gases. Because of weakening of the  Pyrex tubes 
by t h e  HF, i n  addi t ion t o  the  high pressure generated, v i o l e t  explosions 
have been noted when sealed tubes containing about 30 grams of  t he  polymer 
received i n  excess of 5,000 MR of  gamma radiat ion.  It is recommended that 
i r r a d i a t e d  polyvinylidene f luoride samples i n  sealed tubes be handled with 
face and hand protect ion and t h a t  samples not receive more than 1,000 MR 
unless spec ia l  s a fe ty  precautions are followed t o  releave excess pressure.  
RESULTS AND DISCUSSION 
Results of the measurement of t e n s i l e  propert ies  are shown i n  Table 1 
and i n  Figure 1. 
Table 1. 
TENSILE PROPERTIES AS A FUNCTION OF GAMMA DOSE 
FOR POLYVINYLIDENE FLUORIDE 
i 
Yield Strength, Tensile Strength, Tangent Modulus , Elongation, 
Dose ps i  p s i  psi percent -
Control 4,200 6,600 21.4 104 13 
93.0 5,500 8,900 26.3 10 
184 4,900 7,600 24.0 9 
5 87 4,400 6,000 21.8 8 
966 4,000 5,800 20.8 7 
Figure 1 reveals t h a t  t he re  is an i n i t i a l  increase i n  t e n s i l e  s t rength 
as t h e  polymer is i r r a d i a t e d ,  a behavior t y p i c a l  of  polymers which undergo 
cross-linkin 
and Creyson.fi After t h i s  rise, the  curve l eve l s  o f f  at a t e n s i l e  s t rength 
of about 85% of i t s  o r i g i n a l  value, where it remains constant out t o  doses 
as high as 1,000 MR. As s h a m  by the  other  curve i n  Figure 1, the elonga- 
t i o n  starts decreasing from the  beginning, as the  polymer chains are 
bonded together i n t o  a more coherent s t ructure  which is l e s s  extensible.  
similar behavior was noted f o r  e lectron r ad ia t ion  by Timmerman 
The s o l u b i l i t y  behavior as a function of dose i s  shown i n  Table 2 and 
Even n t  a dose as low as 2MR, s o l u b i l i t y  i s  only 74% (26% g e l )  , Fig-== 2; 
and t h e  s o l u b i l i t y  fa l ls  rapidly u n t i l  it i s  only 4% a f t e r  a dose of 590 MR. 
T h i s  s o l u b i l i t y  behavior, indicating cross-linking, i s  consis tent  w i t h  
t h e  t e n s i l e  s t rength and elongation behavior already discussed. 
r ad ia t ion  bonds the polymer chains together i n t o  a three-dimensional net- 
work, t h e  t e n s i l e  s t rength natural ly  increases because there are more bonds 
t o  be broken, but  t he  simultaneous l imitat ion of movement of  t he  chain seg- 
ments results i n  a decrease i n  elongation. 
As t h e  
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Figure 1. - Tensile properties as a function 
of gamma dose for  polyvinylidene - _. . - . 
fluoride.  
Table 2 
GOLUBILITY OF POLWINYLIDENE FLUORIDE I N  DMAC 
Sample Number 
Control 
1 
2 
3 
4 
5 
6 , 
7 
8 
9 
10 
11 
Dose, 
MR 
> o  
- 
. 46 . 46 
1.83 
4.58 
4.58 
1.83 
10.0 
10.0 
22.8 
22.8 
42.3 
42.3 
67.6 
67.6 
93.0 
93.0 
184 
5 87 
966 
Solubi l i ty ,  [ n l  
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Figure 3. - Limiting so lub i l i t y  of i r r a d i a t e d  
polyvinylidene f luoride (p lo t  of S +E 
agains t 1/R 
_ .  - __ . - - _ _  - 
dene f luo r ide  
in DMAC as a function of dose. 
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